Kerry cattle are an endangered landrace heritage breed of cultural importance to Ireland. In the 26 present study we have used genome-wide SNP data (Illumina ® BovineSNP50 array) to evaluate 27 genomic diversity within the Kerry cattle population and between Kerry cattle and other European 28 cattle breeds. Visualisation of patterns of genetic differentiation and gene flow among cattle breeds 29 using phylogenetic trees with ancestry graphs highlighted, in particular, historical gene flow from the 30 British Shorthorn breed into the ancestral population of modern Kerry cattle. Principal component 31 analysis (PCA) and genetic clustering emphasised the genetic distinctiveness of Kerry cattle relative 32 to comparator British and European cattle breeds. Modelling of genetic effective population size (Ne) 33 revealed a demographic trend of diminishing Ne over time and that recent estimated Ne values for the 34
Introduction

41
Approximately 10,000 years ago, humans first domesticated wild aurochs (Bos primigenius)-the century, socioeconomic preferences for large highly productive dairy, beef and dual-purpose breeds In addition, Bray and colleagues have used microsatellites to examine admixture and ancestry in quality control and filtering based on recorded SNP genotypes was performed as detailed below for 148 the EU and BI data sets. 149 Prior to quality control and filtering there were 54,057 SNPs in the EU data set (608 animals, 150 including KY92 and KY12) and in the BI data set (354 animals, including KY92 and KY12) . SNP 151 quality filtering was performed using PLINK version 1.07 (Purcell et al., 2007) , such that individual 152 SNPs with more than 10% missing data and a minor allele frequency (MAF) of ≤ 0.01 were removed 153 from both data sets. X and Y chromosome SNPs were removed and individual animal samples with 154 a SNP call rate less than 90% were also removed from each of the two data sets. 155 SNP quality control and filtering were performed across breeds/populations (by data set) for 156 construction of phylogenies and ancestor graphs, multivariate analysis, investigation of population phylogenetic trees were generated with no migration edges (m = 0) up to ten migration edges (m = 171 10). (Patterson et al., 2006) . 177 To further investigate genetic structure and admixture history for Kerry cattle and other breeds the 178 fastSTRUCTURE software package (Raj et al., 2014) was used to analyse the EU and BI data sets 179 for a range of K possible ancestral populations (K = 2-15) . For the present study, the simple prior 180 approach described by Raj and colleagues (2014) European breeds (British, Irish and Scandinavian). As expected the two Kerry population samples 282 (KY92 and KY12) are genetically very similar and emerge on the same branch as the HRFD breed.
283
It is also noteworthy that there is a high-weight migration edge between the British Shorthorn breed Curran, 1990) .
287
For the ML trees generated using the BI data set, breed/population differentiation was less 288 apparent, possibly due to similar biogeographical origins for these breeds and/or smaller sample sizes 289 for some of the populations sampled. Figure 3 shows the ML tree generated with m = 5 for the BI 290 data set. For m = 5, all migration edges stem from the BSHN/Lincoln Red (LNCR) branch, including a medium-weight migration edge connecting to the Kerry cattle branch. These results support the 292 hypothesis that there was significant gene flow during the 18 th and 19 th centuries from British 293 Shorthorn cattle into the ancestral populations for a range of modern British and Irish cattle breeds 294 (Grobet et al., 1998; Felius et al., 2011; Felius et al., 2015) . The PC2 plot axis in Figure 5 differentiates the HRFD breed from the other British and Irish 314 breeds and reveals substantial genetic diversity among individual HRFD animals. However, in this context, it is important to note that the pattern of genetic diversity revealed here for the HRFD 316 population sample may be due to ascertainment bias as a consequence of the strategy used to design 317 the Illumina ® Bovine SNP50 BeadChip. In this regard, many of the SNPs that constitute this first- likely to have been due to crossbreeding with Angus cattle. Therefore, another PCA plot was ANGU and RANG breeds. These results mirror the pattern shown for PC1 in Figure 5 , and again
It is important to keep in mind these Ne trends may be partly a consequence of the relatively small sampled is also evident in Supplementary Table 1 . These data emphasise the value of intrapopulation depression for a range of production traits in domestic cattle (Bjelland et al., 2013; Pryce et al., 2014;  bovine fertility traits in both males (Ferencakovic et al., 2017) and females (Kim et al., 2015; 417 Martikainen et al., 2017) . Finally, according to basic population genetic principles, recent inbreeding 418 captured by FROH will lead to recessive deleterious genomic variants emerging at a population level-419 a phenomenon that has been studied in both humans and cattle (Szpiech et al., 2013; Zhang et al., 420 2015) . The results of the genome-wide scan for signatures of selection using the CSS method in the Kerry 423 cattle breed are shown in Figure 10 . Six distinct selection signatures were detected on BTA9, BTA12,
424
BTA16, BTA17, BTA19 and BTA28. A total of 178 genes were located within the genomic ranges 425 ± 1.0 Mb of selection peaks and 32 of these genes were located within the boundaries of a selection 426 peak. Supplementary Table 5 provides detailed information for these 178 genes.
427
A single gene was located within the BTA9 selection peak-the phosphodiesterase 7B gene 428 (PDE7B), which has been associated with neurobiological processes (de Gortari and Mengod, 2010) 429 and has been previously linked to genetic changes associated with dog (Canis lupus familiaris) 430 domestication and behaviour (Freedman et al., 2016) . A single gene was also located within the 431 BTA16 selection peak-the dorsal inhibitory axon guidance protein gene (DRAXIN), which encodes 432 a protein that regulates axon guidance, neural circuit formation and vertebrate brain development 433 (Islam et al., 2009; Shinmyo et al., 2015) . Twenty-four genes were located within the BTA17 434 selection peak, including BICDL1, RAB35 and RNF10, which have been associated with 435 neurobiology and brain development (Hoshikawa et al., 2008; Schlager et al., 2010 ; Villarroel-associated with bovine fertility as an mRNA expression biomarker for oocyte competence in cumulus 440 cells (Melo et al., 2017) .
441
To obtain a broader perspective on natural and artificial selection acting at a population level on 442 the Kerry cattle genome, a functional gene set enrichment approach (GSEA) was taken using IPA 443 with the 178 genes located within ± 1.0 Mb of each selection peak ( Supplementary Table 5 ). Of these 444 178 genes, 141 could be mapped to the IPA knowledgebase and the summary results for the IPA
445
Physiological System Development and Function category are shown in Supplementary Table 6 , 446 revealing an enrichment of biological processes associated with nervous system development and 447 behaviour. The current genetic status of the Kerry cattle population is underlined by analyses of genetic 461 effective population size (Ne) and inbreeding using genome-wide SNP data. As shown in In addition, we thank all of the Kerry cattle owners who provided access to animals, samples and 516 pedigree information. Finally, we thank Weatherbys Scientific for provision of SNP array genotyping 517 services (www.weatherbysscientific.com). de Cara, MA, Fernandez, J, Toro, MA, and Villanueva, B (2011) . Using genome-wide information Ferenčaković, M, Hamzić, E, Gredler, B, Solberg, TR, Klemetsdal, G, Curik, I, and Sölkner, J Gautier, M, Laloe, D, and Moazami-Goudarzi, K (2010) . Insights into the genetic history of French Hoshikawa, S, Ogata, T, Fujiwara, S, Nakamura, K, and Tanaka, S (2008 
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